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(54) Field emission devices having corrugated support pillars with discontinuous conducive 
coating 



(57) A field emission device is made by providing the 
device electrodes, forming a plurality of corrugated in- 
sulating rods with discontinuous coatings of conductive 
oi semiconductive material with low secondary electron 



FIG. 2B 




emission coefficient, adhering the rods to an electrode, 
cutting the rods to define corrugated pillars, and finish- 
ing the device The result is low cost production of a field 
emission device having superior resistance to break- 
down in high field operation 
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Description 

Field of th e In vent ion 

This invent ion relates to methods for making im- 
proved field ^mission devices and. in particular to meth- 
ods tor making 1ield emission devices such as Hat panel 
displays, having corrugated and iocally conductive sup 
poit piilnrs lor breakdown resistance 

Background of the Invention 

Field emission of electrons into vacuum from suita- 
ble cathode materials is useful for a variety of field omis- 
sion devices including flat panel displays Support pillars 
are important components of field emission devices 
(FEDs). A typical field omission device comprises a 
cathode including a plurality of field emitter tips and an 
anode spaced from the cathode A voltage applied be 
tween the anode and cathode induces omission of oloc 
irons towards Ihe anode, in flat panel displays an addi- 
iionaf electrode called a gate is typically disposed be- 
tween the anode and cathode to selectively activate de- 
sued pixels. The space between the cathode and anode 
is evacuated, and integrated cylindrical support pillars 
keep the ca'.hode and anode separated. Without sup- 
port pillars, the atmospheric pressure outside would 
force the anode and cathode surfaces together Pillars 
are typically "100-1000 urn high and each provides sup- 
port for an area of 1-10,000 pixels 

While cylindrical pillars may provide adequate me- 
chnnical support, Ihey are not well suited tor now field 
emission devices employing higher voltages. Applicants 
have determinod that increasing the operating voltage 
between the emitting cathode and the anode can sub- 
stantially increase the efficiency and operating life ot a 
licld emission device. For example, in a flat panel dis- 
play, changing the operating voltage from 500 V to 5000 
V could increase the operating life of atypical phosphor 
by a factor of 100 However, insulator breakdown and 
arcing along Ihe surface of cylindrical pillars precludes 
the use of such high voltages. 

If a cylindrical insulator is disposed between two 
electrodes and subjected to a continuous voltage gradi- 
ent, then emitled electrons colliding with the dielectric 
can stimulate the emission ot secondary electrons 
These secondary electrons in turn accelerate toward the 
positive electrode. This secondary emission can lead to 
a runaway process where the insulator becomes posi- 
tively charged and an arc forms along the surface. Ac- 
cordingly, there is a need for a new pillar design that will 
permit the use of higher voltagos wfthoul arcing. 

Co -pen ding applications "Method For Making Field 
Emission Devices Having Corrugated Support Pillars lor 
Breakdown Resistance" and "Multilayer Pillar Structure 
For Improved Field Emission Devices" filed concurrently 
herewith, disclose a corrugated dieloctnc pillar structure 
and a multilayer pillar structure, and methods tor pro- 



ducing such p;hafi : nose novo; SiruC! J ! 0S .nc;ro;,so ;i ■.; 
surface length ol the dieiecinc material and red-jen ih:: 
detrimental cV.ec\ of soccnoary eioctron emission hem 
me pillar surlace The present app!ic<ii:on discloses a 
■ ] further improved pillar strucv.ire using d-scontinuous 
conductor coat-ng w;th rosuiiani imp 'overrent ;n fos>;-.i 
ancolo breakdown and arcing of the pillars in h'gh volt 
ago environment. 

10 Summary of the Invention 

A field emission device is made by prov.dn tg mo du 
vice electrodes, forming a plurality ol corrugated 
lating rods with discontinuous coatings ol conductive oi 

'5 semiconductive material with Jow secondary electron 
emission coefficient, adhering the rods to an electrode, 
cutting the rods to define corrugated pillars and finish- 
ing the device. The result is low cost production of a ficid 
emission device having superior resistance to brcak- 

20 down in high field operation. 

Brief Description of the Drawing 

'■n the drawings 

25 

FIG. 1 is a schematic block diagram of the sicps m 
making an improved pillar sl.ucture lot held erni:> 
ston device according to the invention 
FIG. 2 illustrates a first method for making conduc- 
•■w tor-coating on corrugated rods as used in the proc- 
ess of FIG 1 ; 

FiG. 3 illuslrates a second method lor making con- 
ductor-coating on corrugated rods as used in me 
process ol FIG. t , 
^•5 FIG 4 illustrates a third method for making oont.ku: 

icr-coatmg on corrugated rods as usca in tne p'or 
ess ol FIG t. 

FIG 5 is a schematic block diagram oi the bit;!>\ \.: 
preparing the conductor-coated, corrugated pillar 
to structure from uncorrugated dielectric rods 

FIG 6 illustrates a method used in the process of 
FIG. 5, 

FIG 7 illustrates an exemplary method of placing 
the pillars on a FED device; and 
« FIG. 8 schematically illustrates an exemplary FKD 
device comprising the conductor-coated conugat- 
ed pillars. 

Detailed Description 

50 

There are live considerations m opnmni O'Mn 
sign. First, the optimal pillar design is one where; si.n.ir-; 
paths from negative to positive electrodes ntr? at kvn, 
as possible for a given pillar height Second it is cJosh- 
55 able to construct the pillar so that most secondary eloc: 
trons will re-impact the pillar surface close to the point 
of their generation, rather than being accelerated a sub- 
stantial distance toward the positive e;ectcodo. This goat 
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■:; advantageous boc.-i'.-ro moot mat o; sals generate iccg 
■nan one secondary electron for each incident electron 
:: Ihc >nc:dent energy :s loss than 5C0V (or more prefer 
ab ; y. losi, than 200V) Under these conditions, second- 
ary electrons will generally not have enough energy to 
make an increasing number ot secondaries of lheu own 
For the purposes of this goal, "close" is defined as a 
po:nt where the electrostatic potential is less than 500V 
more positive than the point at which iho electron is gen- 
erated, and preferably less than 200V more posilive. 
Third, it is desirable to construct the pillar out of materi- 
als thett have secondary etecVon emission coefficients 
o* less than two, under the normal operating conditions 
fourth, it is desirable to have as much of the surlace of 
the pillar oriented so that the local electric field is nearly 
normal lo tho insulator surface : preferably with the field 
linos emerging from the surlace, so that secondary elec- 
trons will be pulled back toward the surface and re-im- 
pact with energies less than the abovomcntioned 
200-500V Fifth, the pillar must not be so much wider at 
tho anode end so that it substantially reduces the area 
that can be allocated to the phosphor screen. 

Where the field emission device is a flat panel dis- 
play, the pillar material should not only be mechanically 
strong but also should be an electrical insulator with a 
high breakdown voltage in order to withstand the high 
electrical field applied to operate tho phosphoi of the 
display For established phosphorous such as ZnSCu. 
Al, the breakdown voltage should be greater than about 
2000 V and preferably greater than 4000 V. 

Referring to the drawings, FIG. 1 is a block diagram 
of steps in making an improved pillar structure for fteld 
emission devices The first step (block A) is to provide 
a wire, rod, or plate of corrugated dielectric material Co- 
pending application "Method For Making Field Emission 
Devices Having Corrugated Support Pillars For Break- 
down Resistance" describes various methods for mak- 
ing such a corrugated geometry from dielectric materials 
such as glass, quartz, coramvc materials (oxides, ni- 
trides), polymers and composite materials 

The second step (block B in FIG 1 ) is to deposit on 
the ridges of the corrugations a discontinuous film of 
conductor or semiconductor material with low second- 
ary electron emission co efficient, & mfix . The coefficient 
is defined as the ratio of the number of outgoing elec- 
trons/number of incoming electrons on a given surface 
of the material Insulators typically have high 6 mHX ol 
2-20. e.g.. 2 9 for glass and - 20 for MgO. Conductors 
or semiconductors typically have low 6 miiX of less than 
- 2 For FED pillar applications, a § mcw value close lo 1 
is desirable. S max much higher than 1 means undesira- 
ble electron multiplication Among suitable materials for 
use as a discontinuous coating, according to the inven- 
tion, on the pillar are metals and semiconductors such 
as Cu (5 miu -:1.3), Co (1 2), Ni (1.3), Ti (0.9), Au (1.4). 
Si (1.1), and compounds such as Cu 2 0(1 2), Ag^OfLO) 

The combination of discontinuous conductor coat- 
ing on the protruding ridges of the corrugated dielectric 



pi. ■■*( with the r-'ccence ol ••ecr^-r.o~ :•;;•.'<:'.: ,v. rar! - : 
i^fiy useful in improving the r<-:s e k> n^'- vr_>;;.H 
r>. r oakdown. oec.ause ;l p.-ovcJ3S •rcreosoo : . ;••!.• ,-.:e 
'onqin. secondary o!ocli;".:n tiapr.m-:-: msicin ihe \: o«*.ve:. 
C ;»VAd mittitrauTx otoc^'Or- •Ti , .;<V.p'"\V.*.;y'-- :-s,v. •.«•.:»•» 

protruding surlace pcdion i: ;K;cv :y [.--.viks: • ■: '■■ 
rugated p:tlai 

FIGs. 2A and 2B schematically illustrates a hrsl 
method of selectively adding to a corrugated dielectric 

io body 20 a film of low materia! 21 by 'ncimed angle 
deposition (e.g. using evaporation, sputtering, spray 
coating technique). Because o1 the line-ot-sight deposi- 
tion of the film material, 1he deposition is naturally limited 
to the ridge or peak portion ol the corrugated rod or 

'5 plate The deposition can be carried out in a continuous 
manner if a long wire or plate-shape corrugalcd material 
is slowly moved away during deposition A rotation oi 
the rod can bo utilized to ensure uniform deposition on 
all sides of the wire sur'acc tTIG 2 A) 

20 A low metal or compound can oe a-t-v *'r 

posited Alternatively, a precursor rr.n-erial con-a.sifv., 
the desired 5 nl;ix matenal may he deposited !" mo ■. 
composod or pyrolizcd during the later stage o' piocosr. 
mg For example. NiO or Ni(OH) 2 may be deposited In' 

25 Ni coating, and CuO (evaporated) ot CuS0 4 (spray 
coated as an aqueous solution, optionally wilh a bmdoi 
material added for enhanced adhesion, e g polyv;ny: 
alcohol) may be deposited for Cu o* Cu^O coating 

A second mothod of depositing the discontinuot.;: 

30 film of low ft max material is schematically illustrated m 
FIG 3 A wire 30 of corrugated dielectric malenai ir, r >i 
tinuousty wiped ott with a wet cloth 3i o: SDcvue 
material lightly wetted with a suspension o; .. .r;y .■: 
taming line particles (below — 20 pm si/c jj-icici.tb:y 

.*w below 2 urn size) of low 6 ni;ix materia! (e g Cu Co 
Cu 2 O ; Ag ? 0) or a precursor liquid (c g CuSO,, or NiCi.-. 
solution). The ridges or protruding portion of tnc dielec 
trie wire is stained with a coating 32 the fine particles 
slurry ot precursor which is la\or decomposed, sintered 

40 or melted by heat tioatment to leave only the desired 
low S max material 

Alternatively, the staining can be made with a cata- 
lyst material for ease of subsequent electroless o< elec- 
trolytic deposition. For example, the wiping cloth in I- IG 

•*s 3 can be wetted with a palladiuin-contd>nini.j ^uiuiioi • 
staining ol the protruding w:ro suitace i 'aiia-ri'iJ-r -■■ ■ 
known catalyst which promotes adhoi >n:r 
a substrate during elocirochemical deposition Atn.t ., ( , 
tional intermediate baking process for decompose ;or- ■ ,i 

SO the solution, electroless or eleclroiyiic plating ie g w : iii 
Cu Sn) is carried out lor selective metal deposition r,n 
catalyst stained, protruding portion of the grooved die 
•octric pitlar wire. 

A third method of discontinuous^ depositing low 

55 *Wx coating is schematically illustrated in FIG a One 
ot Ihe methods for shaping the corrugated slrucluie dis- 
closed in tho co-pending application "Method For Mak- 
ing Field Emission Devices Having Conugaied Piii>ns 
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i- Of BicaktJow"! iiaz-s/u'.ncr." tho use o! inert mom- 
mas k (sucr i as Au li»rr.) to oich out g.oovos in glas? o; 
qj.'Hl/ fiber using hydrofluoric ac;a. Ir.c Au rr.asK ur.co 
in Iho filching process can be l«tl on. winch is then usioj 
?.is a basis tor e:ecli opiating of a lower (i n „ tj< material :s 
g.. Co) if desum] the masked, grooved dielectric w;rc- 
41 is placed in a bath ot electrolyte 44 between a cath- 
ode 43 and an anode 45 During the electroplating proc- 
ess of FtG. 4. the Au mask 40 on the dielectric wire 41 
is kept in contact with the plating electrode (cathode) 43 
by gentle pressing with non-rigid material such as line 
metal gauge or conducive olastomor. The wire is advan- 
tageously rotated slowly tor umtonn coating 

The desired thickness of the discontinuous coating 
ot low $> milx material applied by the process ol FIG 1 is 
typically m Ihe range of 0.005-50 pin and preferably :n 
the range ol 0. 1 -2.0 urn Microscopically rough iilm may 
be preferred as microscopic geometrical trapping in the 
coating itscif reduces the number of secondary elec- 
trons from the coaling surface 

The next step in FIG. 1 (block C) is to heat treat the 
deposited film to improve the adhesion or melt, densify 
the low material or to decompose the precursor ma- 
teria! coating. Typically a hydrogen-containing atmos- 
phere is used for the heat treatment to obtain pure metal 
or alloy films. Inert, oxygon-containing, or mtrogen-con- 
tafnmg atmosphere can be usod for boat treatment of 
oxide, nitride or other compound films The heat treating 
temperature and time varies depending on the nature of 
metals or precursors, but they are typically in the range 
of 100-900 a Cfor0.1-100hrs 

The final step in FIG 1 (block D) is to cut the wire 
into desired pillar length and assemble into field emis- 
sion display device between the cathode and anode. 

Instead of processing on a corrugated wire as de- 
scribed above, a non -corrugated wire can be used as a 
starting material for processing as illustrated in FIG. 5. 
The first step shown in block A of FIG 5 is to provide a 
non-corrugated dielectric rod or wire such as illustrated 
in FIG 6 A as rod 60 

The next step shown in FtG. 5, block B is to deposit 
a continuous layer o( low secondary emission conductor 
or precursor In FIG 6B, this layer is denoted by refer- 
ence numeral 61. 

The third step (FIG. 5, block C) is to mask portions 
ot the coated rod with a metal mask material shown in 
FIG. 6C as masking elements 63. 

The next step in block D ot FIG 5 is to form grooves 
by preferentially etching the dielectric material. The re- 
sulting structure is shown in FIG. 6D with groovos 64. 

The metal mask material that resists etching in hy- 
drofluoric acid processing for groove etch-out is chosen 
in such a way that the metal also has tow 8 max charac- 
teristics. In suchacase, the mask material can be simply 
kept and usod as a low 6 mnx coating on the exposed 
ndges. without having to add additional low 6 max metal 
thus reducing tho processing cost. Such a fow h max ma- 
terial that resists etching by hydrofluoric acid can be Au 



•*.-;;> : ! *o •• \ but an even lower o. n:ix mask cr-.n bo 
accomplished oy ailoymc ot Au. cr Pi iO fil )y .~ 1 6) o q 
wit i s . o. .owe 1 o n .. iX tr-clal such as 'Zc>. Cu. A;, o-.w Vhc 
tes ted riiloy composition is 40- «C atomic pufceni Au 

^ with l hi? reminder made up o! the setuctocj a'fnymg ■>!• 
:>rr,on!s Briery or temaiy or hgre; order aiioy;; car t jr - 
usod The desired alloy is exemplary lirst urjpofj'rv: . ■:• 
a round wire ol dielectric material as a coniinuouf- :-nv : 
(e.g . by physical chemical, electrochemical moans o; 

io other known techniques) (FIG 6B). patterned (e g oy 
photolithographic or mechanical means) into a /corn 
shape or other vertically discontinuous conhgu! ation 
(F)G. 6C). before sub/ecled to hydrofluoric acid process- 
ing as illustrated in FIG 60 Alternatively, the zebra 

'5 shaped metal layer can be directly obtained by deposi 
tion through a patterned mask 

A typical geometty of the pillar is advantageously a 
modified foim of a round or rectangular rod The diam- 
eter or thickness of the pillar is typically 50-1000 urn 

20 and preferably 100-300 jim. The herghi-to-diametef as- 
pect ratio of tho pillar is typically in the range ol : 10 
preferably in the rango o! 2-5 The dosrred number or 
density ot the pillars is dependent on various factors to 
be considered. For sufficient mechanical support of the 

2& anode plate, a largernumber of pillars is desirable how- 
ever, in order to reduce the manufacturing cost and to 
minimize the loss of display pixels for the placement of 
pillars, some compromise is necessary A typical density 
of the pillar is about 0.0 1 -2% of Ihe total display sur lace 

M area, and preferably 0.05-0.5% A FED display of about 
25x25 cm 2 area havtng approximately 500-2000 pillars, 
each wrlh a cross-sectional area of 100x100 nm" ts a 
good example 

Alter the corrugateo rods ate formed ana tho 

35 ^riuw C0 ^ tin Q '"s added the next step rs io atinoio tne 
ends of a plurality oi rods to an electrode ol tho hcta 
emitting device, prelerably the emitting cathode Vhe 
placement of pillars on the electrode can conveniently 
bo accomplished by using the apparatus illustrated in 

<J0 FIG 7. Specifically, a plurality of corrugated rods 20 are 
applied to an electrode 21 through apertures in a two 
part template comprising an upper portion 23 and a low- 
er portion 24 In Jhe insertton phase, the apertures 25 
and 26 ot the upper and lower templates arc aligned with 
each other and with positions on the electrode where 
pillars are to dc adhered Adhesive spots 2 7 on the pro 
jectmg ends of the rods can be provided to undo the roos 
with electrode 21. Notches 28 are advantageously p»o- 
vided in the rods at desired cutting points so that appro- 
ve pnate length of the rod can be obtained. In Ihe example 
shown, the electrode is the device cathode emitter in- 
cluding emitter regions 30 on a conductive substrate 21 
Conductive gates 32 are separated from the substrate 
by an insutaung layer 33 

55 For a FED display requiring 1600 pillars, for exam- 
ple, display-sized templates (o g . a metal sheet with 
drilled holes at the desired pillar locations), are tirsl pre- 
pared. Through one to all of the holes (or typically one 
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■cw c: p:il;;: a! a tune; aic L',:"^l;anooL;s!y an;: 

contir- v.r.JSV si.pfv.iod ictnj wsies ol cc; gator; d oiectr 1 ^ 
maters Ti e pioUudmq by'.toms ol mo wi'Cb am wo: 
wilh ax-hosiv-:; material {such as uncured or semicuierj 
opoxy i. low melting point glass, solder that \a molten cr 
in the pas!e form or hp. optical absorbing layer. 

7ho corrugated rods need to be cut into support pil- 
lars This can be advantageously done by shearing with 
the apparatus ot FIG 7. The upper template 23 is moved 
sideways while the lower template 24 is fixed with the 
adhesive in contact with display cathode surface, so that 
the bottom pillar is broken away at the p re-designed V- 
notcn location 28 This process is repeated for the next 
display substrate. Since many ot the pillars aro placed 
simultaneously, the assembly can be fast and of low 
cost it desired, local heating may bo suppiicd by a lo 
cused light beam, e.g., a laser, to cure epoxy or to fuse 
the pillars to the substrate. 

The device assembly is completed by applying the 
other electrode and evacuating and sealing the space 
between the two electrodes. Typically, the assembly, 
glass sealing and evacuation process involves substan- 
tial heating ol the device (e.g., 300-600°C). This heating 
step may substitute lor the heating step C in FIG. 1. Sim- 
ilarly, a heating step during device assembly may be ad- 
vantageous in the process of FIG. 5 For example, the 
etching step {block 0 in FIG 5) ol an alloy film (e g Au- 
di alloy) tendsto produce a surface that is depleted with 
Cu. The heating step will allow the low iS rnaJt component 
(Cu m this case) to diffuse to the surface so as to reduce 
the secondary electron emission. 

The preferred use of these corrugated pillars is in 
the fabrication of field emission devices such as electron 
emission flat panel displays. FIG. 8 is a schematic cross 
section of an exemplary flat panel display 90 using the 
high breakdown voltage pillars according to the present 
invention The display comprises a cathode 91 including 
a plurality of emitters 92 and an anodo 93 disposed in 
spaced relation trorn the emitters withtn a vacuum seal. 
The anodo conductor 93 formed on a transparent insu- 
lating substrate 94 is provided with a phosphor layer 95 
and mounted on support pillars 96. Between the cath- 
odo and the anode and closely spaced from the emitters 
is a perforated conductive gate layer 97 

The space between tho anode and the emitter is 
sealed and evacuated, ano" voltage is applied by power 
supply 96. The field-emitted electrons from electron 
emitters 92 aro accelerated by the gate electrode 97 
from multiple emitters 92 on each pixel and move toward 
the anode conductive layer 93 (typically transparent 
conductor such as indtum-tin-oxido) coated on tho an- 
odo substrate 94. Phosphor layer 95 is disposed be- 
tween the electron emitters and the anodo. As the ac- 
celerated electrons hit the phosphor, a display image is 
gone rated. 

It is to be understood that the above-described em- 
bodiments arc illustrative of only a few of the many pos- 
sible specific embodiments which can represent appli- 



"tner ap(jii'.: ; ;:iors S iC ,- l ■-.£. : : :r .:l X Ki- • .- ■ :■ -■■ 

w?.vc powui a-npiihnr u. one- 
Claims 

JO 

1. In an electron field emission device comprising an 
emitter cathode, an anode and a plurality ot insulat- 
ing pillars separating said cathode and anode the 
improvement whoiein 

J.S 

al lenst one said pillar cornpnso;, a cot iuqa;cc: 
rod of insulating material said corrugations 
comprising ridges and recessed regions and 
said ridges ot said corrugations selectively 
20 coated wilh conductive material. 

2. A method for making an electron field emission de- 
vice comprising an emitter cathode electrode, an 
anode electrode and a plurality ot insulating pillars 

2$ sepaiating said electrodes, comprising tho steps of 

providing said electrodes 

forming a corrugated rod o! insjlat mq i^'i: e< \. v 
said v:off jqalio'v: '"lav-'-,; iK'.gco 

SOiO'.'-llVO'y appiyu'i^ C^t ■(JUCtr/t.; y.in ::\ , : 

ridges of sa;ri corrugations - 

auhenng said rods to one of w-a elect too <'-"■:• 

cutting said rods and !misning said device 



5 



EP 0 725 41R A! 



FIG. I 



cJL.. 

PROVIDE A WIRE OF CORRUGATED 
DIELECTRIC PHU R MATERIAL ; 

/J_ 

DEPOSIT A FILM OF CONDUCTOR '■ 
OR PRECURSOR WITH LOW SECONDARY j 
ELECTRON EMISSION COEFFICIENT, i 
EXCLUSIVELY ON RIDGES OF PILLAR i 



HEAT TREAT THE DEPOSITED 
FILM TO INPROVE ADHESION OR 
DECOMPOSE PRECURSOR MATERIAL 



±1 



CUT TO THE PILLAR LENGTH 
AND ASSEMBLE INTO FIELD 
EMISSION DEVICE 



FIG. 2A 
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FIG. 2B 
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FIG. 4 




PROVI0E NON-CORRUGATED 
DIELECTRIC PILLAR WIRE 



I & 

OEPOSIT CONTINUOUS LAYER OF 

LOW SECONDARY ELECTRON EMISSION 
CONDUCTOR OR PRECURSOR FILM 



FORM A ZEBRA PATTERN 
MASK ON DEPOSITEO AREA 



I 

PREFERENTIALLY ETCH OUT THE j 
BASE DIELECTRIC MATERIAL TO 
FORM RECESSED GROOVES j 

:: £L- 

CUT TO THE PILLAR LENGTH 
AND ASSEMBLE INTO FIELD 
EMISSION DEVICE 
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FIG. 6A 



FIG. 6B 



FIG. 6C 



FIG. 6D 
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POWER SUPPLY 
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FIG. 7 
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